INTRODUCTION {#sec1-1}
============

Despite many important developments in dental materials and minimally intervention techniques, in many parts of the world, most restorations tend to continue to be of a traditional form, and the material most widely used in dentistry is still amalgam. The drawbacks of amalgam as a restorative material are the presence of postoperative tooth sensitivity, susceptibility to fracture of the restored teeth, microleakage and high incidence of development of secondary caries. The reason for most of the drawbacks is due to its inability to bond adhesively to the dental substrates.\[[@ref1][@ref2]\]

Varga *et al*. in 1986\[[@ref3]\] first suggested the idea of applying adhesives to the walls of the cavity preparation prior to the condensation of amalgam. Current adhesive materials such as Panavia 21 and Amalgabond Plus are resins that contain bifunctional molecules that have an affinity for metal at one end and an affinity for monomers at the other end.\[[@ref4]\] Wilson and Kent first introduced glass ionomer cements (GIC) in 1972.\[[@ref5]\] It is suggested that glass ionomers could bond chemically to metal oxides like Silver and Tin oxides.\[[@ref6]\] Because silver and tin are the major components of amalgam, the bond between GIC and amalgam is expected to be high.\[[@ref7]\]

Glass ionomer has been widely advocated as a protective lining under permanent restorative materials. However, few studies have been performed on the use of glass ionomer to bond amalgam. Primarily, resins have been used for bonding amalgam.\[[@ref8]\] Chen *et al*. compared restorative glass ionomer and resin to bond amalgam, and stated both to be equally effective in bonding amalgam.\[[@ref7]\] The use of glass ionomers can provide advantages like decreased microleakage and postoperative sensitivity while increasing resistance to fracture of both tooth and amalgam as compared with unbonded amalgam restorations. Several different glass ionomers are presently used in restorative dentistry. They vary in their mechanical properties and clinical applications. Assessment of how they interact with amalgam when used as adhesive liner is very important in anticipating the efficacy of clinical use. In this study, the push-out shear bond strength of amalgam condensed with four different unset glass ionomers is compared.

MATERIALS AND METHODS {#sec1-2}
=====================

Fifty extracted caries-free lower human molars were collected, cleaned and disinfected prior to use for the study. Discs of thickness 3 mm were prepared by grinding the decoronated teeth from the cuspal side and pulpal side. The discs were then polished with a 320-grit silicon carbide paper and the thickness was checked with a digital vernier calipers. The sample was stabilized on a metal jig and a central cylindrical cavity of diameter 3 mm was prepared using a template and a straight fissure bur (SF21) held perpendicular to the sample surface to ensure parallelism. All the dimensions of the tooth sample and the cylindrical cavity were checked with a digital vernier calipers. They were then divided randomly into five groups each having 10 specimens each. Groups one to four served as the test groups and group five served as the negative control group \[[Table 1](#T1){ref-type="table"}\].
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Preproportioned amalgam capsules were used to standardize the amalgam and they were triturated in an amalgamator. In all the samples, the amalgam was condensed by a serrated round condenser with a diameter of 1 mm by a single operator to standardize the condensation pressure. The discs were kept on an oil-resistant paper pad during condensation to act as the matrix at the bottom of the cylinder while being nonadhesive to either the glass ionomer or the amalgam.

The surface of the cavity in the test groups was conditioned by applying 10% polyacrylic acid for 20 s with a disposable applicator as per the manufacturers recommendation. In the test groups, the glass ionomer cements were manipulated according to the manufacturer\'s recommendation and a thin uniform layer was applied on the inner walls of the cavity with an applicator. After the glass ionomer was applied, the triturated amalgam was condensed in the cavity prior to setting of the glass ionomer. In the control group, no adhesive cement was used to coat the cavity walls. The amalgam was triturated and condensed in the cavity. Excess amalgam was removed from all cavities with a Hollenbeck carver. All samples were then kept as such for 24 h to allow proper setting of the amalgam.

Metal discs were custom-made with holes of diameter 3.5 mm to mount the specimens and a 2.5-mm diameter custom-made cylindrical stainless steel punch was used for testing. All three (metal punch, specimen and metal disc) were place in alignment \[[Figure 1](#F1){ref-type="fig"}\]. Push-out test was performed at a crosshead speed of 0.5 mm/min using the Instron Universal Testing Machine (Norwood, MA, USA). The debonded specimens were viewed under a stereomicroscope at 10X magnification to check the mode of failure.

![Dimensions, mounting and testing the sample](JCD-14-337-g002){#F1}

RESULTS {#sec1-3}
=======

The maximum load at the point of fracture was measured and the push-out shear bond strength was calculated for the 3 mm X 3 mm cylinder of amalgam. The values were then statistically evaluated with one-way ANOVA and the intergroup comparison was performed with the ***post hoc*** Bonferroni test \[[Table 2](#T2){ref-type="table"}\]. The mean bond strengths of the test groups show a statistically significant increase in the bond strength of the amalgam bonded to the tooth with glass ionomer being used as the adhesive. The statistical analysis using one-way ANOVA revealed overall statistically significant difference between all the groups at *P* \<0.001 \[[Table 3](#T3){ref-type="table"}\]. Intergroup comparison with post hoc Bonferroni test shows that there is no statistically significant difference between group two and four (*P* = 0.07). All other groups show a statistically significant difference (*P* \< 0.05).
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The failure mode assessed in the study was performed under a stereomicroscope at 10X magnification and a mixed, adhesive/cohesive failure of amalgam and glass ionomer interface was observed.

DISCUSSION {#sec1-4}
==========

Amalgam, from the time of its introduction, has proved to be a permanent restorative material with good longevity. However, the lack of adhesiveness of amalgam necessities a cavity design that provides retention for the restoration.\[[@ref8][@ref9]\] The conventional cavity design for amalgam restorations results in a reduction of the original strength of the tooth by half to three-fourths.\[[@ref10]\] Glass ionomer formulations have been evaluated as an adhesive with amalgam for the restoration of prepared teeth.\[[@ref6]--[@ref8]\] Certain glass ionomer formulations have demonstrated increased shear bond strength measurements of amalgam to dental hard tissue comparable to that achieved with resin systems.\[[@ref7][@ref8][@ref11]\] The fracture resistance of teeth restored with the bonded amalgam technique using restorative glass ionomer as an adhesive has been shown to be greater than that of prepared teeth alone and teeth restored with amalgam using a copalite liner.\[[@ref7][@ref8][@ref9]\] However, bonding still remains as an adjuvant to increased retention of amalgam.

Hotz *et al*.\[[@ref6]\] suggested that glass ionomer during its initial reaction phase bonds chemically to base metals, especially tin and silver. The polyacrylic acid is the main component of the liquid that helps develop this bond. In 2000, Neme and Evans\[[@ref12]\] described a push-out test that takes a variety of stresses into consideration and better simulates a class I-bonded dental restoration model. This study follows a similar push-out shear model. The use of polyacrylic acid for pretreatment has been studied by Mount,\[[@ref13]\] who recommends that tooth conditioning with 10% polyacrylic acid for 10 s facilitated bonding as the polyacrylic acid would preactivate the tooth surface and would make the ion exchange more effective. Because the condensation of amalgam was carried out in the plastic phase of glass ionomer, the cement had enough flow to adapt to the walls of the cavity and also react with the unset amalgam.\[[@ref7]\]

Glass ionomer formulations used in the study vary in their particle size and powder liquid ratio, but they are all conventional glass ionomers with the same acid-base setting reaction. This would suggest the same affinity to react with the metal ions in amalgam. It ensures good marginal sealing and decreased marginal microleakage postoperatively.\[[@ref14]\] The bond strengths of amalgam with glass ionomer show statistically significant differences. This is due to variations in the mechanical properties exhibited by the glass ionomers. The powder liquid ratio has a definite effect on the mechanical properties of glass ionomers.\[[@ref15]\] The glass ionomer groups with lower powder content like groups one (luting) and three (pit and fissure sealant) show lower bond strength to amalgam. However, they still show a better bond strength when compared with the control group, proving that the use of glass ionomers will increase the bond of amalgam to tooth.

There is no statistical difference between groups two (restorative) and four (caries stabilization and prevention) glass ionomers. The more recent glass ionomer Type VII has been developed for multiple uses, which include as a restorative and sealant. The powder particles undergo a fritting process that makes them more reactive and help early development of the mechanical properties. This may also allow the cement to develop higher bond strength with amalgam, as demonstrated in the study. The restorative glass ionomer (group II) with the higher powder content attains a good bond to amalgam, and is comparable to the bond strength attained by commonly used resin bonding agents as shown by Chen *et al*.\[[@ref7]\]

The debonded specimens were viewed under a stereomicroscope at ×10 magnification to assess the mode of failure and make sure that none of the specimens showed failure due to fracture of the tooth specimen. All specimens showed intact sample margins and the bonded area showed a mixed pattern of failure. Areas of both adhesive and cohesive failure of amalgam and glass ionomer were seen in the inner surface of the sample. The nominal surface area was not measured as the study aimed to assess the bond strength of amalgam to tooth with glass ionomer as bonding agent in a simulated class I cavity situation, not the individual interfaces.

Similar findings of failure of the amalgam bond to tooth being a combined adhesive/cohesive failure at the resin or glass ionomer amalgam interface is seen in several studies.\[[@ref7][@ref8][@ref11][@ref14][@ref16]\] The bond of the cement to the tooth and amalgam is higher than the inherent strength of the cement; therefore, when failure of the bond occurs, it is mostly cohesive in the cement. The bond interface is dependent more on the amalgam glass ionomer interaction. The ionomer bond to tooth is more uniform and strong as the preactivation of the tooth by precondition ensures a good bond.\[[@ref13]\] The condensation of amalgam prior to setting of ionomer causes the intermingling of the two materials. The chemical affinity of ionomer to silver and tin also helps in adhesion.\[[@ref6][@ref7]\] Thus, the use of glass ionomers with better mechanical properties that help resist a cohesive or adhesive failure is preferred to bond amalgam.

An increase in fracture resistance of teeth restored with the bonded amalgam technique using both resin and glass ionomer luting cements is evident.\[[@ref7][@ref10][@ref16]--[@ref19]\] This, along with the decreased microleakage\[[@ref1]--[@ref3][@ref7][@ref8][@ref12][@ref13]\] and the resistance to development of caries at the margin due to the fluoride release from glass ionomer, suggest a definite advantage to the concept of bonding amalgam restorations with glass ionomer as the adhesive liner.

CONCLUSION {#sec1-5}
==========

The use of glass ionomers to bond amalgam results in an increase in the bond strength of amalgam to the tooth. The mechanochemical bonding and the sustained fluoride release due to glass ionomer will increase retention of amalgam restorations, and is expected to be beneficial to increase the longevity by decreasing marginal leakage, fracture of the tooth, postoperative sensitivity and incidence of recurrent caries.
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